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Msual as~s~nt of the coronary a~~ri~rn~ BS 
nce of i~t~rrn~iat~ 
tiow reserve is a 
race of a coronary lesion. 
t &veiopmnt of an intmcoronary 
assessment of ewonry How 
prospectively evaluated coronary flow reserve in 
s with intermediate stenoses using an intmcororary 
wire during elective coronary an~i~mphy. Pa- 
ntly underwent stress SPECT thallium-201 ksi- 
in& and the blinded inte~~tati~ns were correlated. Coronary 
For the past 30 years, physicians have rclicd on coronary 
ungiography as the reference standard for cardiovascular diag 
nasis. Routinely, the physiologic significance of coronary artery 
stenoses has been inferred from visual estimates of pcrcent 
~tsnosk (1.2). The reliability of such estimates, however, is 
limited by substantial interpretation variability (3-9). Even 
quantitative coronary angiognphy, which was dcsigncd to 
minimize such error, cannot reliably predict the physiologic 
impact of &noses of intermediate severity (6). As a result, 
physicians frequently use angiography in conjunction with 
radionuclide stress testing to improve clinical decisions. 
Numerous studies (7-14) have demonstrated that coronary 
flow reserve is a reliable marker of the physiologic significance 
of a given coronary obstruction. The recent development of an 
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ison tu that 4 19 rcssds in 
intraeorc)nary Doppler guide wire ( 15) fxiliti~tes the routine 
measurement of coronar): How velocity both proximal and 
distal to coronary artery Icsions. In this study, wc compared 
intracoronary Doppler guide wire mcasurcmcnts of coronary 
tlow reserve with stress single-photon emission computed 
tomographic (SYECT) thallium-201 results in patients with 
stcnoscs of intcrmcdiatc scvority (40% to 70% by visual 
estimation). 
Patients. The study incluad XI paticrits rderrd for elec- 
tive diagnostic coronary angiography between April 12, 1993, 
and June 7, 1993, who were found to have a coronary lesion of 
intermediate severity (40% to 70% stenosis). Angiography was 
performed for typical clinical indications, including the assess- 
ment of severity of disease in patients with typical angina (n = 
18), the evaluation of atypical chest pain (n = 7) and evalua- 
tion of symptomatic patients after coronary angioplasty (n = 
5). The following patient groups were excluded on clinical 
grounds: patients with angina at rest or in a crescendo pattern, 
a previous myocardial infarction, significant valvular disease, 
left ventricular hypertrophy by electrocardiographic (ECG) 
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usion criteria include 
co~oi~a~ al~g~ograpby 
coronary arteries con- 
procedure WilS reviewed. 
obstructions of intermed~atc se ‘ty (40% to 70%) by visual 
assessment, and none of the afo cntioned exclusion criteria, 
were enrolled in the study. 
The ciucertcriograms were stlbsequent~y an 
riced angiographers witbout knowledge 
oppler Or StreSs thillliu -201 results. The degree of 
stenosis was measured in comparison to adjacent, normal- 
appearing vessel segments by use of digital electronic calipers 
(Sandbill Scientific, Inc.) in two nearly orthogonal views. Cali!>ra- 
tion to diagnostic catheter dimensions was used to correct for 
differences in magnitication. Percent 
diameter were calculated using a 71 B 
r~f~~~~s. At the conclusion of 
coronary angiography, each coronary artery with an eligible 
intermediate lesion was selectively engaged with a diagnostic 
catheter. All patients received a minimum of 2,000 U of 
intravenous heparin before flow velocity evaluation. The intra- 
coronary Doppler guide wire (FloWire, Cardiometrics, Inc.) 
was advanced through the catheter to a position I to 2 cm 
proximal to the most adjacent side branch proximal to the 
lesion in question. Baseline flow velocity data were obtained at 
this position once a stable Doppler signal was obtained. This 
was accomplished by means of torque adjtistments wi!h #ten- 
tion to the gray-scale amplitude display. The wire was then 
advanced to a position 2 to 3 cm distal to the stenosis, with care 
taken to avoid placement in a side branch or poststenotic 
velocity jet. Distal flow velocity data were recorded at this site 
after a high quality signal had been attained as before. 
Once baseline flow velocity data distal to each intermediate 
lesion had been obtained, a bolus of intracoronary adenosine 
was administered. Patients with stenoses in the right and left 
coronary arteries were given 12 and 18 hg of adenosine, 
respectively (16,17). Flow velocity spectra were observed and 
recorded for 60 s after each bolus. Because the reproducibility 
ow reserve measur n demoustrated 
eremic stimulus 
recorded on videocassette. w velocity spectra were 
velocity integral (area under the curve defined by the com- 
bined diastolic and systolic velocity spectra). Corona9 flow 
reserve was then computed as the ratio of byperemic to basal 
peak velocity of the distal vessel. The diasto~ic/systo~ic 
ocity ratio was calculated proximal and distal to each 
y the quotient of the peak vclocitics. Furthermore, the 
tra~~s~esil~~~i~l velocity gradient across each stenosis was deter.. 
mined by the ratio of proximal to distal measures of average 
peak velocity, total velocity integral and diastolic velocity 
y. One day after cardiac 
itber exercise (n = 19) or 
dipyridamole (n = II) thallium-201 scintigraphy, according to 
previously published methods (19). For ali patients, images 
were obtained -5 min after thallium-201 injection by means of 
SPECT. A GE model (Starcam) equipped with a low energy 
all-purpose collimator was used. A 20% window centered on 
the 6X- to X0-keV peak and a 10%~ window centered on the 
Ih7-keV peak were used. Over a 180” arc from the $5” left 
posterior oblique to right anterior oblique angle, 32 views were 
obtained for 40 s each. Pattents returned 4 h later for delayed 
imaging hy a similar protocc Filtered backprojcction was then 
performed using a Ramp- arming filter with a cutoff fre- 
qucncy of 0.5 cycles/pixel to reconstruct transverse tomograms 
of the left ventricle. No attenuation correction was used. These 
images were further processed to obtain the short-axis and 
long-axis sections perpendicular to the cardiac axes. 
~~al~iurn-201 analysis. The tomograms were divided into 
20 segments for qualitative interpretation. Three short-axis 
slices (one each from the apex, midventricle and base) were 
each divided into six evenly spaced regions. The apex was 
interpreted from the vertical long-axis view at the midventricu- 
lar level and divided into two segments, anteroapical and 
inferoapical. The images were scored by nuclear cardiologists 
who had no knowledge of the clinical and coronary Doppler 
data. Perfusion in each of the 20 segments on the stress and 
redistribution studies was scored on a 0 (no uptake) to 3 
(normal) scale. A defect with an improvement 21 grade was 
called reversible, and other defects were deemed fixed. The 
tomographic segments were assigned to vascular territories 
according to previously published data (20). 
For quantitative assessment, polar mapping was performed 
as described previously (21). To further assess the scvcrity of 
the defect, a region of interest was drawn on the abnormal 
segments on the three short-axis and vertical long-axis tomo- 
grams. Counts in all involved segments were quantified and 
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Table 1. Demographic Data 
Group 1 Group 2 
Age WI 64?8 61 k9 
Gender (M/F) 916 1313 
Vessel studied 
LAD 7 9 
LCX 4 4 
RCA 5 6 
Stenosis (%) 54 + 6 55 + 7 
Minimal lumen diameter (mm) 1.34 z 0.30 1.33 2 0.39 
Blood pressure (mm Hg) 
Systolic 131 t 18 133 + 19 
DiasMc 862 13 85 + 14 
Maart rute (hcar.ulmin) !!44+,N 86 + 9 
DMI prernled are mean value c SD or uumhrr of patients. F = female; 
m = left ulrterior descending Wronary urkry: LCx = left circumtlex coronary 
urlery; M = male: KCA = right wronary artery. 
normalized to the highest count region on the same study. A
similar analysis was performed on the delayed images using the 
same regions of interest as in the stress tudy. 
Sbdisthl analysis. In our control group without coronary 
artery disease, allvessels had a coronary flow reserve 22.0. On 
the basis of these data, and consistent with variables used in 
previous studies (22-27), coronary vessels were classified into 
group 1, abnormal coronary flow reserve c2.0, and group 2, 
normal coronary flow reserve ~2.0. Demographic, angio- 
graphic, scintigraphic and coronary flow variables for groups 
1 and 2 were compared by Student t test for continuous 
variables and chi-square analysis for categoric variables. Stress 
and redistribution thallium-201 counts in the same patient 
were compared using a paired I test. For all analyses, p c 0.05 
was significant. The sensitivity, specificity and predictive accu- 
racy of the coronary Now velocity variables were computed 
using standard formulas, with the thallium-201 data as the 
reference. An analysis comparing the coronary flow velocity 
measurements with the stress thallium-201 results was per- 
the McNemar test. 
There were no differences between 
ith reduced (group 1) and normal (group 2) coronary 
with regard to age, gender distribution, hlstoly of 
prewious revascularization, major isk factors for cardiovascular 
diiase or medical regimen (Table 1). Likewise, there were no 
intergroup differences with respect to the vessel investigated or 
the angiographic estimate of severity of stenosis. Blood pressure 
and 
I 
ilar between the two groups. 
ler measurements. Cororuuy flow ve- 
locity measurements of vessels evaluated in our normal control 
subjects and in groups 1 and 2 are summarized in Table 2. As 
defined, coronary flow reseme measured in 16 vessels ingroup 
1 was found to be markedly diminished compared with the 
normal hyperemic response of 19 vessels in group 2 (p = 
0.000 1). 














2.8 -t 0.5 
1.7 z 0.6 
1.0 lr 0.2 
1.7 2 0.6 
1.0 2 0.2 
< 1.7” 
P 
Group 1 Group 2 Value 
I.4 r 0.3 2.6 t 0.5 O.OOOl 
I .6 t 0.5 1.9 I! 0.4 NS 
1.0 2 0.5 0.9 ? 0.2 NS 
1.2 2 0.3 I.9 + 0.6 0.002 
I.2 ‘c 0.2 1.2 + 0.2 NS 
I .3 2 (1.4 1.2 2 0.4 NS 
I 4 ‘t (1.4 l.5 t 0.7 NS 
1.2 f 0.4 l.2 r 0.4 NS 
Qonohue et al. (27). Dutu prcsenled ure mean value + SD. unless otherwise 
indicated. APV = average penk velocity; CFR ,= coronary Ilow reserve; D = 
distul to slenoxcs; DSVR = diastolic/systolic velocity retie; DVI = diastolic 
velocity integral; LCA = left coronnry mIcry; P = proxim;d to sows; RCA = 
right coronary artery: TVG = trnnslcsional velochy gradient; TV! = toted 
velocity inkgrid. 
The mean diastolic/systolic velocity ratio distal to stcnoses 
in group 1 was reduced incontrast to the normal values found 
in group 2 (p < 0.005). Assessment of his variable by vascular 
territory revealed no intergroup di rcncc in the right co:o- 
nary artery but a marked ifference inthe left coronary system 
(p = 0.002). 
The mean translesional ve ocity gradients a sociated with 
coronary stenoses in group 1 were similar to those measured in 
group 2. The lack of correlation with coronary flow reserve was 
present whether we analyzed the gradient by average peak 
velocity, by total velocity integral or by diastolic velocity integral. 
Thallium-201 stress testing. Of 16 abnormal vascular ter- 
ritories in group 1 patients, 10 were evaluated with exercise 
thallium-201 scintigraphy and 6 with dipyridamole. In the 19 
vascular territories ofsubjects ingroup 2, 13 were evaluated 
with exercise and 6 with dipyridamole. Exercise time in group 
1 was 6.2 f 1.8 min versus 8.7 + 2.3 min in group 2 (p < 0.02). 
In ali stress tests, the peak heart rate and double product were 
similar in groups 1 and 2. Four patients had bnormal ST 
segment depression during stress in each group. Six patients in
group 1 and five patients ingroup 2 had chest pain. 
Thallium-201 scintigraphy. Overall, 15 of 16 vascular ter- 
ritories in group 1 (abnormal coronary flow reserve) were 
qualitatively interpreted asperfusion defects with thallium-201 
redistribution delayed imaging (Fig. 1 and 2). In contrast, 
the SPECT thallium-201 scans in 18 of 19 vascular territories in 
group 2 (normal coronary flow reserve) were qualitatively read 
as normal (Fig. 3). Of the 20 segments in each perfusion study, 
group 1 patients had 4.0 5 2.2 abnormal segments/patient on 
the stress SPECT thallium-201 image in contrast to 0.8 -I- 2 
defects/patient i  group 2 (p < 0.0001). By quantitative 
analysis, the polar map confirmed the qualitative classification 
in all patients. By region of interest, he mean counts in the 
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Figure 1. A 60-year old man with chest pain. A, Lctt coronary 
angiogram (right anterior oblique projection) revealing a 59% stenosis 
in the mid-left anterior descending coronary artery. 
coronary flow velocity showing average p ak velocity (APV) of 26 cm/s 
and reduced diastolic/systolic velocity ratio (DSVR) of 1.3. C, Distal 
coronary flow velocity at peak hyperemia revealing diminished coro- 
nary flow reserve (ratio) of 1.8. D, Short-axis tomograms at the 
midventricular level exhibiting a reversible perfusion defect in the 
septum. D = diastolic; MPV = maximal peak velocity; S = systolic. 
vascular territory of interest during stress were 75 + 10% of 
normal in group 1 and 82 -C 14% in group 2 (p < 0.05). On 
delayed imaging, counts in the region of interest in group 1 
increased to88 + 14% of normal (p < 0.0001 vs. stress) but did 
not change in group 2 (81 + 13%). 
Doppler measurements versus tress S 
With stress SPECT thallium-201 results as a reference, Table 3 
summarizes the sensitivity, specificity and predictive accuracy 
of coronary flow reserve, diastolic/systolic velocity ratio and 
translesional velocity gradient. As illustrated, coronary flow 
reserve demonstrated 94% predictive accuracy for the results 
of radionuclidc stress testing. istal mcasurcs of diastolic/ 
systolic velocity ratio were 8.5% concordant with stress SPECT 
thallium-2001 results in the left coronary system but were of 
limited utility in the right coronary artery. Because of low 
sensitivity (19%), translesional velocity gradients were not 
reliably predictive of scintigraphic results. Measurements of 
percent stenosis and minimal lumen diameter did not correlate 
with thallium-201 defects, coronary flow reserve or other 
Doppler variables. The form of stress used (exercise vs. 
dipyridamole) had no impact on the correlation of thailium- 
201 and fow velocity data. 
This study prospectively compared coronary flow reserve 
measured by an intracoronary Doppler guide wire with stress 
SPECT thallium-201 imaging in patients with coronary artery 
stenoses of intermediate s verity. The high degree of concor- 
dance that WC demonstrated suggests hat Doppler guide wire 
evaluation of intermediate stenoses during elective cardiac 
catheterization provides pathophysiologic information highly 
comparable tostress SPECT thallium-201 scintigraphy. 
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The value of coronary flow resetve as a marker of the 
functional significance of coronary stenoscs has been dem- 
onstrated in landmark studies by Gould et al. (7,8,1 L), Marcus 
et al. (12,28) and White et al. (1). The utility of Doppler 
measurements of flow reserve has been demonstrated by 
Wilson et al. (13,291 and others (14) but has had limited 
clinic;rl application because of technical restrictions. The in- 
troduction of the Doppler guide wire circumvents the majority 
of the drawbacks associated with catheter-based methods and 
Permits rapid assessment of the physiologic significance of 
esions during cardiac catheterization, 
. In our study, Doppler guide wire measures 
of coronary flow reserve in patients with intermediate coronary 
artery stenoses were 94% concordant with stress SPECT 
thallium-201 results. Assessment of the diastolic/systolic veloc- 
ity ratio distal to lesions in the left coronary system, normally 
characterized by diastolic predominance, were highly concor- 
dant (85%) with scintigraphic results. The utility of phasic flow 
velocity measurements in the right coronary artery, however, 
Figure 2. A 69ycar old man with chest pain 5 months after coronary 
angioplasty. A, Right coronary angiogram in the right anterior ohliquc 
projection displaying 53% proximal stenosis. B, Baseline distal coro- 
nary ilow velocity showing average peak velocity of 26 cm/s and 
diastolic/systoiic velocity ratio of 1.3. C, Distal coronary Row velocity at 
peak hypercmia showing near absence of coronary flow reserve 
measured at 1.0. 0, Corresponding short-axis tomogram showing a 
reversible perfusion abnormality in the posterior wall. Abbreviations as 
in Figure I. 
was limited because of the nearly equal contribution to flow 
velocity that normally occurs during systole and diastole in this 
territory. Doppler-determined translesional velocity gradients 
were poorly predictive (57%) of SPECT thallium-201 results in 
our cohort. Only 19% of our patients with an abnormal 
perfusion scan had an abnormal translesional velocity gradient. 
Coronary flow reserve measurements were highly specific 
(95%) for thallium-201 results because we included patients 
with demonstrated arteriographic disease. Therefore, our re- 
sults do not address the problem of false positive thallium-201 
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Figure 3. A 65year old woman with substernal chest pain. A, Left 
coronary angiogram in the right anterior oblique projection demon- 
strating 56% stenosis in the proximal circumflex artery. 6, Distal 
coronary flow velocity at baseline exhibiting average peak velocity of 27 
cm/s and normal diastolic/systolic velocity ratio of 2.2. C, Distal 
coronary flow velocity at peak hypcremia revealing normal coronary 
flow rcscrve of 2.4. D, Short-axis tomogram showing normal perfusion 
at peak exercise and rest. Abbreviations as in Figure I. 
findings in patients with normal coronary arteries. The corre- 
lation between coronary how reserve and thallium-201 scintig- 
raphy in consecutive patients with unknown anatomy may be 
less than that demonstrated herein. 
The physiologic data provided by the Doppler guide wire 
corroborates our understanding of the natural history of coronary 
artery stenosis progression. Gould et al. (7) demonstrated that 
coronary stenoses do not limit flow at rest until they become 
nearly 85% occlusive, whereas hyperemic flow is reduced with 
stenoses a  mild as 30%. Thus, as coronary obstructions progress 
through this range, normal rest flow ic maintained at the xpense 
of coronary flow reserve. Eventually, flow reserve becomes 
exhausted, and a gradient to flow develops at rest. That dimin- 
ished coronary flow reserve may precede the development of a 
significant translesional velocity gradient is supported by the 
superior predictive accuracy of the former in our study. There- 
fore, translesional velocity gradients may be characteristic of 
more angiographically severe coronary disease than evaluated in
our series. 
Table 3. Doppler Variables Versus Thallium-201 Single-Photon 
Emission Computed Tomography 
Distal DSVR- 
CFR TVG RCA LCA 
Swsitivity (c/r’) 94 19 20 83 
Spew rficity (%) 95 89 100 80 
Pmilivc predictive accuracy (%) 94 60 !OO 83 
Nqativc predictive accuracy (%) 95 57 SO Kb 
Gverall accuracy (%) 94 57* 55* x5 
_. 
“p < W2 versus coronary Row reserve (CFR). Lihcr abbreviations as in 
Tables 1 and 2. 
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previous studies. Previous i.~~zstigators (30,31) have dem- 
onstrated a favorable correlation between coronary flow re- 
Serve and thallium-201 results using videodensitometry. Simi- 
lar flow data have also been illustrated with positron emission 
tomography (32,33) and various applications of i>opp!er flow 
probes (1,13,14,29,34). Previous studies comparing Doppler 
guide wire measures of coronary flow velocity with thallium- 
201 imaging, however, are scant. Deychak et al. (24) recently 
presented preliminary data on a select group of patients 
with intermediate coronary stenoses and a known reversible 
thallium-201 perfusion defect, 1 hey found strong concordance 
between thallium-201 scintigraphy and Doppler guide wire 
measures of coronary flow reserve and diastolic/systolic V&C- 
ity mtiu Donahue ct al. (25) compared known thallium-201 
scan results to translcsional velocity grndicnts in patients with 
intermediate to severe coronary artcry disease. Doppler- 
determined velocity gradients were weakly predictive of thal- 
lium-201 perfusion in their patients, as in out?i. Dotlohuc et al. 
(27) previously contrasted coronary flow velocity variables with 
trunslcsionnl pressure gradicats, bat a thallium comparison 
was not undcrtakcn. 
Previous research (I) has demonstrated poor correlation 
between visual estimates of percent stenosis and coronary tlow 
rescmc. Even with the advent of quantitative coronary analysis, 
the arteriogram is incapable of deciphering the functional 
significance of intermediate lesions (b,30,31). Consistent with 
these findings, percent stenosis and minimal lumen diameter 
did not correlate with coronary tlow reserve or thallium-201 
results in our study. 
Previously reported normal values for coronary flow rcscrvc 
(l,l&3I-33) are higher than those reported in our study. In vitro 
and in vivo validation studies (lS,.34) of the Doppler guide wire. 
however, show strong concxjrdanct with clectromagnnctic flow 
probes and Doppler catheters. ‘IIc bulk of thr difference may lie 
in the fact that er signals in this study were interpreted by 
fast Fourier transform, which has been shown to be more 
accurate at higher flow rates (as occur with hyperemia) than the 
zeKxr#ssing method of earlier tczhniques (3S,.%). Also, al- 
though intnrcoronary adenosine approximates the magnitude of 
hypcremin produced by papaverine, individual responses may 
vary (17). Because adenosine does not appreciably alter the 
cross-setiional area of epicardial vt%ls, hyperemic hanges in 
flow v&city with this agent are a reprtxntative index of the 
change in absolute coronary blood flow (37). 
SW@’ limitations. There are several considerations that 
may limit the application of intracoronary Doppler guide wire 
measurements. First, the quality and integrity of the Doppler 
signal are critically dependent on careful positioning of the 
guide wire. Although the broad angle of divergence of the 
transducer makes the device relatively user friendly, the oper- 
ator mUSt mtUIipUkItc the wire into a direction that captures 
Optimal laminar flow. This is accomplished by preshaping the 
tip accordingly and torquing it with attention to the gray-scale 
video OUtpUt. Operators accustomed to handling angioplasty 
guide wires at our institution have had little difficulty with this 
task. Second, the wire must be situated in a position adjacent 
to the stenosis that can be expected to provide reliable data for 
interpretation. This requires placement oE the guide wire dista 
enough to the lesion to avoid the turbulence o 
(generally 2 cm). Finally, the method is invasi 
to the catheterization process. In our hands, 
sessmcnt of a stenosis was generally pcrformcd in <10 min. 
Furthermore, we have had no complications with this device in 
>300 consecutive cases. 
Coronary flow reserve must be assessed with strict attention 
to hcmodynamic ~riables and conditions that alter myoca~d~l 
rcservc capacity. We excluded patients with bradyca 
cardia, ~nc~lntr~~llc(~ ~y rte~s~~~ll and elevated 
pressures bccausc How rcscrvc ~~~~as~renieI~ts 
able in such c(~aditi(~~~s (18).Qur study was fur 
the omission of patients witb left 
previous myocardial iafilrcti(~~~ all 
Altb~~o~ll WC did not mcasurc 
arteries of our patients to rule out micr~~vtlscalar discasc, the 
high concordance seen with t~atliatn-2~~1 images aad normal 
uptake (38’ riKhkOtOQ~ ill llOndiseilscd tc‘iThiCS llli 
~~~ibi~ity unlikely. Additiooiltly, two patients in w 
tested muhiplc vessels were found to have an artery witb 
normal flow reserve and imother with abnormal flow rcservc. 
Despite the narrow scope of our study, Row rescrvc measure- 
ments are accurate and i~ppr~~pri;lte n a sal~st~~~~tii~t a ~ ~)cr of 
patients presenting to the cilthetcr~~atioa l l~[~rat~~. 
lmplicati~~s, Utilizing the intracoronary Doppler guide 
wire for patients in whom the clinician is considering treatment 
with coronary aagioplasty on clinical grounds could have a 
rnc~lni~~ful cc~lal~n~ic impact. If the present data rc substan- 
tiated by larger trials, a comparison of the fcjllowing strategies 
in patients with stenoses of intermediate severity would be of 
interest: I) using the Doppler guide wire during the initial 
cardiac catheterization. witb coronary angioplasty performed 
immcdiatcly if the intermediate lesion is How limiting and 
deferred if coronary Row reserve is normal; 2) performing 
SPECT thallium-201 stress tests after cardiac catheterization 
to identify intermediate stenoses requiring angioplasty. Coro- 
nary angioplasty would then be performed during a second 
procedure in patients with inducible ischemia. In the first 
strategy, patients are potentially spared the added expense of 
stress testing with perfusion imaging, a second invasive proce- 
dure, and a more prolonged hospital stay. 
Conclusions. In appropriately selected patients with inter- 
mediate coronary artery stenoses, Doppler guide wire deter- 
mination of lesion significance provides data equivalent to 
those acquired by stress SPECT thallium-201 imaging. The 
procedure can be rapidly and safely performed during elective 
cardiac catheterization and may represent a cost-effective 
alternative to ischemic stress testing. 
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